The transcriptome of Nrf2-/- mice provides evidence for impaired cell cycle progression in the development of cigarette smoke-induced emphysematous changes.
Cigarette smoke (CS) imposes a strong oxidative burden on exposed tissues resulting in a severely disturbed oxidant/antioxidant balance, which in the context of chronic exposure is assumed to be a key contributor to CS-related diseases. Because of its emerging central role in orchestrating the general cellular antioxidant response, the pathway leading to the activation of the transcription factor Nrf2 has received mounting attention over the past decade in investigations aimed at elucidating CS-induced pathophysiological mechanisms. To comprehensively characterize the impact of Nrf2 in acute and subchronic smoking scenarios, Nrf2(-/-) mice and their wild-type (wt) ICR littermates were exposed to either ambient air (sham exposure) or one of three doses of CS for up to 5 months, with two postexposure endpoints of 1 and 13 days. The lungs of the mice were monitored for transcriptomic changes on a genome-wide level, which confirmed an impaired expression of antioxidant and phase 2-related genes in CS-exposed Nrf2(-/-) mice. Importantly, in comparison to wt mice, an attenuated cell cycle/mitotic response and intensified stress gene expression pattern were observed in exposed Nrf2(-/-) mice, which was paralleled by clear dose-dependent effects on alveolar destruction and impaired lung function. In contrast, the inflammation-related transcriptional response and scores for various bronchioalveolar inflammation parameters were qualitatively and quantitatively similar in CS-exposed mice of both genotypes. Taken together, these results confirm the protective nature of Nrf2 in oxidative stress scenarios and suggest that the enhanced emphysematous phenotype exhibited by CS-exposed Nrf2(-/-) mice is more likely caused by an imbalance in cell loss and regeneration than by increased inflammation.